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ABSTRACT. Spatial and temporal variation of the physical and chemical conditions of coastal karst wetland
ecosystems, which annually range from flooded to completely dry, generate a very dynamic fish community
structure. We assessed the relative influence of spatial dependence and environmental factors on fish community
structure in a seasonally flooded tropical karst system on the north-western coast of the Yucatan Peninsula,
Mexico. Sampling was carried out between November 2009 and April 2010, while the area was inundated by
seasonal floodwater. Fish biomass, abundance and species richness, as well as environmental variables and
geographic location, were recorded. A variation partitioning analysis was performed to assess the influence of
the spatial and environmental variables on the fish community using multiple regression, and a principal
coordinates analysis of neighbor matrices (PCNM). Spatial factors had a greater influence on the changes in the
community structure than the environmental factors. After spatial variation, environmental effects from
conductivity, oxygen saturation, temperature and depth further shaped the community. These results imply that,
despite the diversity of niches and wide variation in environmental conditions, the structuring force of the
community is the spatial dynamic probably linked to species dispersal mechanisms and reproductive strategies.
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INTRODUCTION (Baber et al., 2002; Ruetz et al., 2005). Two groups of
variables have been identified to classify the primary
controls of communities in landscapes. The first

includes environmental factors, which are spatially

Karstic coastal habitats of the Caribbean basin are
highly dynamic environments distinguished by the

contrast between rainy and dry season, which results in
high variability of the physical, chemical and
ecological conditions (Ortega-Mayagoitia et al., 2002;
De Angelis et al, 2010; Escalera-Vazquez &
Zambrano, 2010; Gaiser et al., 2015). Seasonal changes
in the flooded area of these habitats may be the primary
challenge they present for aquatic life. Changes in the
extent and depth of water bodies determine not only
space availability for the fish community, but the
accessibility to other resources of the environment
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structured and are responsible for the distribution of
species through species-habitat associations (Legendre,
1993). The second group, formed by space-dependent
variables, is commonly associated with the dispersal of
individuals and the overdispersion of populations
(Cottenie, 2005). The spatial organization of fish
communities is influenced by these variables based on
the observation that neighboring sites generally display
similar abundance, biomass and species richness than
distant sites (Morlon et al., 2008). Hence, analysis of
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the structure of fish communities must consider the
effect of environmental and spatial factors (Legendre &
Fortin, 1989; Legendre, 1993). In dynamic ecosystems,
another essential element to consider is the time
between disturbances. Community responses to
seasonality and their time to recover from seasonal
droughts are fundamentally linked to the physical,
chemical, depth, area and volume of the habitats
experienced by aquatic animals in Caribbean karstic
regions (Trexler et al., 2001; Baber et al., 2002).

Various models have been proposed to explain the
factors regulating the structure and dynamics of fish
communities (Nufiez-Lara et al., 2012). Some of them
describe communities as stable biological systems
regulated by competition or predation (Sale, 1980;
Soto-Ortiz, 2015). Others have suggested that there is
no such balance, but rather spatial and temporal
variation influenced mainly by stochastic processes,
such as larval recruitment (Doherty, 1991; Carr &
Syms, 2006). Other authors have suggested a
complementary effect from recruitment and post-
recruitment processes, which includes a response to
habitat, environmental factors, and biological
interactions (Sale & Douglas, 1984; Choat & Bellwood,
1985; Menge et al., 2011). It is now known that diverse
factors and processes, both stochastic and determi-
nistic, govern fish community structure and that these
strictly depend on the spatial scale of observation
(Waltho & Kolasa, 1996; Alexander et al., 2012).
Aquatic ecologists are beginning to appreciate that
processes on multiple scales shape the patterns they
observe at local site-scales, which might be the reason
why there is a growing interest to evaluate the relative
influence of spatial dependence and environmental
factors on the structure and composition of biological
communities (Jones et al., 2008).

Nonetheless, there are different arguments to
explain variation in the structure of a community
(Condit et al., 2002; Tuomisto et al., 2003). Among
others, the niche theory (Hutchinson, 1957; Leibold,
2008) states that the structure of a community is mainly
determined by the variability of environmental factors.
Therefore, abundance is an indicator of the suitability
of environmental factors for the survival, growth and
reproduction of the population. On the other hand, the
neutral theory states that all species are competitively
equal and capable of coping with a range of
environmental factors and that species composition
varies in response to dispersal limitation. Finally, the
mass-effect model states that dispersal and environ-
mental heterogeneity interact to determine community
structure (Condit et al., 2002). Therefore, it is of great
interest to understand the relative contribution of
processes related to environmental heterogeneity and
dispersal limitation (Lopez-Martinez et al., 2013).

This research aims to analyze the extent to which
environmental factors and spatial dependence are
correlated with variation of fish community structure in
temporarily flooded karst in the Y ucatan State, Mexico.
Similar ecosystems are found throughout the Caribbean
basin and beyond but are little studied (Schwartz &
Jenkins, 2000). Seasonally flooded karst systems pro-
vide excellent models to consider how rapidly varying
and contrasting conditions affect community structure
through the interaction of species traits, environmental
variables, and spatial habitat structure.

MATERIALS AND METHODS

Study area

Karst landscapes are found worldwide and formed from
the dissolution of soluble rocks such as limestone, dolo-
mite and gypsum. Karstic ecosystems are characterized
by underground drainage systems with solution holes,
sinkholes and caves (Lace & Mylroie, 2013). The study
area is a karstic coastal wetland of 26.3 km? in the
natural protected area of El Palmar on the northwestern
Yucatan Peninsula, Mexico (Fig. 1). The area is flat,
and it is flooded during the local rainy season (June to
October); there are small permanent freshwater springs
in the landscape that serve as dry-season refuges for
fish. Water levels rise in the rainy season, flooding
these small systems, increasing connectivity and
permitting fish to enter the rest of the system.

The average annual temperature is 26.5°C; total
annual rainfall generally ranges between 700-800 mm,
concentrated between June and October, with the dry
season extending from March to May. The dry season
is characterized by precipitation between 0-30 mm and
temperatures in the range of 36-38°C. September is the
rainiest month, with an average of 125 mm. There is
also a transitional period between these two seasons,
from November to February, distinguished by the
influence of cold winds accompanied by low
atmospheric pressures (‘Nortes’ season). The average
temperature of this period is 23°C, and the mean rainfall
is around 40 mm monthly (UADY, 1999).

Environmental data

Field data were recorded monthly from November 2009
to April 2010 while the wetland remained flooded, and
the fish were residing in small pools that serve as the
main source of fish in the area. The study area was
divided into 45 hexagons of 340 m radius, and 40
hexagons were randomly selected once a month,
ensuring that every hexagon had the same chance of
being sampled each time (Fourqurean & Rutten, 2003).
One sampling site within each hexagon was also ran-
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Figure 1. The study area within “El Palmar” State Reserve
in Yucatan, México.

domly located every month, recording its geographical
position with a Garmin eTrex 20 GPS.

The final sample size was 142 sites distributed as
follows: 37 sites were sampled in November, 31 in
December, 28 in January, 8 in February (inclement
wind conditions prevented effective sampling, no fish
samples were taken), 25 sites in March, and 13 sites in
April (the onset of the dry season exposed much of the
wetland). Fish were caught in a Gee® collapsible
minnow trap (2 mm mesh and a funnel entrance
diameter of 50 mm), according to records of the area it
is unlikely to find larger fish (Vega-Cendejas, 2005;
Gallardo-Torres et al., 2014). Traps were left out in
each sampling station for two hours following
recommendations by Obaza et al. (2011). Standard
length (SL £ 0.1 cm) and wet weight (W + 0.01 g) of
all captured fish were measured with a caliper and a
digital electronic balance (Ohaus).

Fishes were identified to species using specialized
taxonomic keys for southeastern Mexico and Central
America (Greenfield & Thomerson, 1997; Schmitter-
Soto, 1998). The number of fish species captured at
each sampling site was used as a measure of species
richness. Abundance and biomass were subsequently
expressed as catch-per-unit-effort (CPUE) (Kobza et
al., 2004).

Concurrent with fish sampling, the following
environmental variables were measured every month at

each sampling site with a Portable YSI EC300 (YSI
Inc., Yellow Springs, OH, USA): specific conductivity
(mS cm't), oxygen saturation (%), temperature (°C), pH
and depth (m). Precipitation data were obtained from
the meteorological station located at 21°09'47"N,
90°02'53"W (Managed by National Weather System).

Statistical analysis

Principal coordinates of neighbor matrices analysis
(PCNM, Borcard et al., 2004) is a tool for identifying
relationships of ecological descriptors (diversity,
biomass and abundance of the fish community) and
environmental factors by first identifying significant
spatial structure in the ecological descriptor and second
relating the form of these specific spatial structures to
environmental factors (Borcard et al., 2004).

A set of spatial variables was generated for each
month in the studied area, using the PCNM analysis as
well as the geographical coordinates of the sampling
sites of every month (Fig. 2). The PCNM vectors
(spatial variables) represent the spatial structure or
spatial dependence among the sampling sites. These
variables are the spectral decomposition of the spatial
relationships among the study sites, considering not
only the separation distance among sites but also their
spatial associations (Borcard et al., 2004). The PCNM
vectors are uncorrelated variables that can be used as
predictors in regression analysis to describe spatial
relationships in community data because they are not
subject to multicollinearity problems (Borcard &
Legendre, 2002).

The set of explanatory spatial variables, for every
one of the months considered in this study, was
obtained as follows:

a) Calculation of a Euclidean distance matrix (consis-
ting of geographical distances between site locations),

b) Modification of the Euclidean distance matrix by
replacing distances greater than the minimum needed
for all sites to remain connected within a network with
an arbitrarily large number, as suggested by Borcard et
al. (2004) (this was done to retain the distances between
the neighboring sites),

¢) Principal coordinates analysis (PCO) on the
modified distance matrix, which returns the PCNM
variables that explain the spatial dependence of fish
communities across all spatial scales, and

d) Retention of the principal coordinates axes that
correspond to positive and significant eigenvalues.

The set of explanatory PCNM variables was
obtained with the PCNM function from the R software
SpacemakeR library (Dray et al., 2006). The PCNM
analysis produced 21, 20, 19, 15 and 3 eigenvectors
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Figure 2. Spatial distribution of the sampled sites for November 2009, December 2009, January 2010, March 2010 and

April 2010.

(PCNM vectors), among which 5, 9, 6, 3 and 1
eigenvector, obtained for November, December,
January, March and April data, respectively, had
positive values and a significant autocorrelation (P >
0.001) tested by Moran’s I (Borcard et al., 2004).
Hence, only these positive and significant vectors were
used in the analyses.

We assessed differences in average abundance,
biomass and species richness among months using one-
way ANOVA and Tukey’s test for post-hoc comparisons.
Biomass and abundance were transformed (logio X, or
logio x+1) to meet the assumptions of normality and
homogeneity of variances (Zar, 1999).

Multiple regression and variance partitioning
methods described above were used to quantify the
effects of environmental (dissolved and oxygen
saturation, temperature, conductivity, pH and depth)
and spatial dependence (PCNM vectors) on abundance,
biomass and species richness of fish for every month of
the study. First, a model based on environmental
variables was fitted to the response variables by
multiple regression analysis. This model represents the
variability explained by environmental data, and the
variation explained jointly by environmental data and
spatial structure (Venv + Senv-spat). Response variables
(abundance, biomass and species richness) were
formally tested for normality and homogeneity of
variances in the residuals (Zar, 1999). Secondly, a
model based on spatial variables (significant PCNM
vectors) was fitted to the response variables by multiple

regression analysis. This second model represents
spatially dependent variation, plus the variation
explained jointly by environmental and spatial structure
data (Vspat + Senv-spat). Thirdly, the total amount of
variation explained (Venv + Vspat + Senvspat) Was
calculated by combining the two previous multiple
regression models into an overall regression model
using exclusively significant selected variables. Both
regression analyses used forward selection. Finally,
variation  partitioning determined the relative
importance of exclusively environmental variation
[Venv = (Venv + Vspat + Senv—spat) - (Vspat + Senv—spat)],
exclusively spatial variation [Vspat = (Venv + Vspat + Senv-
spat) — (Vspat + Senv-spat)], and shared variation [Senv-spat =
(Venv + Vspat + Senv-spat) — (Venv) — (Vspat)] ON abundance,
biomass and species richness of fish (Borcard et al.,
2004) (see Fig. 3).

RESULTS

Precipitation was highest at the end of October 2009.
As a consequence, the maximum depth values in the
studied system were registered in November 2009, with
an average of 0.5 + 0.08 m (Fig. 4a). The wetland began
to evaporate in December, decreasing in-depth and
areal extent. Changes occurred in the rest of the
parameters measured owing to the reduction in the
water body volume. Conductivity gradually increased
through the study; it was lowest in December-January
with an average of 22.6 mS cm, and highest in April,
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Figure 3. Venn diagram representing the partition of the variation of a response variable Y (abundance, biomass and species
richness) between two groups of explanatory variables (environmental and spatial). The rectangle represents 100% of the

variation in Y (after Borcard et al., 2004).
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Figure 4. Values (mean + standard deviation) of the environmental variables over time: a) depth (m), b) conductivity (mS

cm), ¢) temperature (°C), d) oxygen saturation (%).

with an average value of 51.5 mS cm™ (Fig. 4b). The
averaged water temperature it was 26.9°C, the lowest
value was recorded in February with 22.7°C. Values
increased until they reached 30.6°C by the end of the
study period in April (Fig. 4c). The percentage of
oxygen saturation has an average of 100.5%, with a
tendency to increase over time, so when the study
started in November was 56.2% and by the end in April
2010 recorded 162.7% saturation (Fig. 4d).

The 9,508 fish caught were from six species
belonging to three families: Cyprinodontidae: the
Yucatan pupfish Cyprinodon artifrons and the Yucatan
flagfish Garmanella pulchra; Poeciliidae: the pike
killifish Belonesox belizanus, the Yucatan gambusia
Gambusia yucatana and sailfin molly Poecilia velifera;
and Cichlidae: the Mayan cichlid Cichlasoma uroph-
thalmus. The most abundant species was the endemic
G. yucatana, representing 89.3% of the total abundance.
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Figure 5. Structural characteristics of the fish community (abundance, biomass and species richness) by month. Groups 1
and 2 in each graph indicate significant differences over time (Tukey's HSD test; P < 0.05).

Also, G. yucatana and P. velifera had the greatest
contribution to the biomass values, with 72.4% and
14.9%, respectively.

The fish community structure changed significantly
over time. Abundance, biomass and species richness,
formed at least two groups (post-hoc Tukey test)
concerning time: one during the ‘Nortes’ season
(November to February), and the other during the dry
season (March to April) (Fig. 5). In February, no data
were collected because of weather conditions.

Environmental correlations

Multiple regression results indicated significant relation-
ships between community structure (abundance,
biomass and species richness) and conductivity, depth,
water temperature and oxygen saturation in most of the
months (Table 1). The model relating biomass to
conductivity obtained in March 2010 had the highest
percentage of variance explained (R2=0.41, Sr?=0.41,
P < 0.001), followed by the one obtained between
abundance and conductivity during December 2009 (R?
=0.35, Sr?=0.35, P < 0.1). The model relating species
richness to oxygen saturation and temperature during
March 2010 explained 32% of the dependent variable.
Still, oxygen saturation was better related to the
community response than temperature according to the
semi-partial correlation coefficients (Sr? = 0.12 and Sr?
= 0.10, respectively) (Table 1).

In most cases, conductivity was positively related to
all response variables (abundance, biomass and species
richness); the exception was for the biomass in March
when a negative association was found. Relationships
involving depth were consistently negative, indicating
that abundance, biomass and diversity decrease as
depth increases. Both variables (conductivity and depth)
show a higher degree of association with abundance
and biomass than with species richness (Table 1).
Abundance was the variable least associated with the
environmental variables. According to standardized
regression coefficients, the environmental variables
with the highest values of association with the
community structure are, in order of importance,
conductivity, oxygen saturation, depth and temperature
(Table 1).

Variance partitioning

Variation in spatial (S) and environmental (E) factors
and the combination of both (SE) effected the structure
of the fish community (abundance, biomass and species
richness), interacting with different intensity along
time(Fig. 6). The variation in abundance was mainly
influenced by the spatial variables (S) but also by
combining the spatial and environmental variables
(SE). The highest amount of explained variation in abun-
dance was in March for spatial variables (S: 25.2%) and
in December for combined spatial and environmental
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Table 1. Regression standardized coefficients (B) and semi-partial correlations (Sr?) for predicting abundance, biomass and
species richness from environmental variables: conductivity (mS cm?), depth (m), temperature (°C), Satox means oxygen
saturation (%), dissolved oxygen (mg L) and pH in a seasonally flooded karstic system in Yucatan, Mexico. (n = number
of data; R? = determination coefficient. Only the values of variables that were significant are shown). Variables included in
the model with *P < 0.001, **P < 0.05, ***P < 0.1.

Dependent  Model Nov-09 Dec-09 Jan-10 Mar-10 Apr-10
variable parameters (n=35) (n=30) (n=24) (n=24) (n=24)
B Sz R? B S R? B Sr2 R? B Sr2 R? B Srz R?

Abundance 0.35 0.27

Conductivity 0.589*** 0.35

Depth 0.523% 0.27
Biomass 0.14 0.27 0.23 0.41

Conductivity 0.523** 0.27 -0.637* 041

Depth 0.47-8** 0.23

Oxygen saturation -0.38** 0.14
Species 0.21 0.2 0.32
richness

Conductivity 0.459** 0.21

Temperature 0.404** 0.1

Oxygen saturation 0.442** 0.2 0.498** 0.12

variables (SE: 30.3%). In the case of biomass, variation
was mainly influenced by the spatial variables (S) and,
to a less extent, the combination of variables (SE). The
model best-explained biomass variation in December,
when spatial variables explained (26.8%) and the
combination of variables (SE) explained 38.9%.
Finally, spatial and environ-mental variables provided
the greatest explanation of variation in species richness
in March (SE: 26.3%; Fig. 6).

DISCUSSION

Despite the widely varying environmental conditions
(E) in time, during the study, spatial variation (S)
explained 49% of the total variation in fish community
structure. In comparison, the shared variation of spatial
and environmental variables (ES) explained 42%, and
the environmental variables alone explained 9%. Thus,
spatial variables appeared to be the main structuring
force of the community, suggesting that the distribution
and abundance of each population depend to a greater
extent on their dispersal mechanisms and reproductive
strategies than on distribution constraints imposed by
environmental factors (Jones et al., 2008).

Species with high dispersal ability often display
opportunistic reproductive strategies, characterized by
the production of many small offspring (Winemiller &
Rose, 1992). The most abundant and widely distributed
species in the study area was Gambusia yucatana
(89.3% of relative abundance), which may be charac-

terized as an opportunistic species (Greenfield et al.,
1983; Vazquez-Dominguez et al., 2009). Its viviparous
reproduction is quite effective in systems where
environmental variables are highly fluctuating (as is the
case here). Since its initial development takes place
inside the mother and away from exposure to
environmental changes inside their mother, also less
susceptible to predation compared to being out in the
open during its most vulnerable stages, this ensures a
high early survival (Greenfield & Thomerson, 1997).
The viviparous neonates may be more resistant to
strong environmental variation compared to oviparous
fish’s larvae (Trexler et al., 2011). Also, the gradual
increase of the extension of the water body, at the start
of the rainy season, provides a temporary advantage to
the species with the high dispersal rates. A rapid
colonizer, like G. yucatana, can populate newly
available habitats before being subjected to competition
that takes place when other successful species arrive to
colonize the area (De Angelis et al., 2005).

The extent and speed with which the temporary
areas are flooded are important factors for the analysis
of some attributes of the fish community, especially
small species that move from permanent wetlands, such
as swamps and canals, towards the temporary systems
as they become flooded (Kushlan et al., 1975; Goss et
al., 2014). Their population and biomass quickly
increase during the re-flooding period, and they can
follow the front of the flood at displacement rates appro-
ximately equal to the speed of the front, with the
population expanding so rapidly that it produces much
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of the new biomass during the rainy season (Trexler et
al., 2001; Gawlik, 2002; Russell et al., 2002). This
capability is the key to ensure the success of species
with abilities of rapid colonization, moving fast in low-
depth waters, and giving an advantage over other
species to extend its range rapidly from permanent
shelters to the full extent of the temporary system as the
flood starts (De Angelis et al., 2010; Hoch et al., 2015).

Studies in the Everglades reported that small fish
survived and then tended to congregate in small water
bodies when the water levels fell during the dry season
so that the fish biomass was available to animals at
higher trophic levels (Loftus & Kushlan, 1987; Trexler
etal., 2001). Since the El Palmar reserve characteristics
are similar to those of the Everglades, the existence here
also of these permanent refuges is very likely. By
providing ‘seeds’, they facilitate the dispersal in the

flood season that benefits small species in the area, such
as G. yucatana and Cyprinodon artifrons, the species
smallest in size found in this reserve with a reported
maximum length of 40 mm in each case. Cichlasoma
urophthalmus is a species with high dispersal ability,
and it is capable of traveling long distances between
natural and artificial systems in the Everglades in
Florida (Parkos & Trexler, 2014).

Loftus et al. (1992) proposed that small pools and
solution holes reaching the aquifer typical of karstic
wetlands create refuges that maintain small populations
of little fish around the landscape through the dry
season (Loftus et al., 1992). Capone & Kushlan (1991)
suggested that small fish are at an advantage in drought-
prone systems because small individuals have greater
access to hydrological refuges. When water levels
gradually rise again along an altitudinal gradient, small
populations in those refuge pools can provide ‘seeds’
for the growth of the population as soon as an area is
flooded. The possible importance of such fish refuges
has been recognized in the Everglades (Gaff et al.,
2000), in an intermittent lowland stream in Australia
(Perry & Bond, 2009), and an intermittent stream in
Costa Rica (Chapman et al., 1991). The fish species
found in the coastal wetlands of the northern coast of
the Yucatan Peninsula are precisely those that can
tolerate the changing environmental conditions
modified by the dynamics imposed by the space.
Although the conditions are extremely variable in space
and time, the fish species that use the wetland system
have developed adaptations to cope. There are similar
systems in estuaries, where the species are adapted to
cope with extreme changes in salinity. The species that
use these systems do not necessarily experience these
conditions as extreme.

In this study, the environmental variables with
influence throughout time over the structure of the fish
community were, in order of importance, conductivity,
oxygen saturation, tempe-rature and depth of the
studied area. Studies developed in similar systems have
found that the environmental variables regulating
variation in the fish community structure are pool
depth, pool persistence and pH (Capone & Kushlan,
1991); depth, size of the system, oxygen concentration
and habitat heterogeneity (Magoulick, 2000);
temperature, depth, pH and macrophyte coverage
(Escalera-Vazquez & Zambrano, 2010). In the same
study, it was proposed that for most species, an
important part of the spatial and temporal variation can
be explained as an effect of the dry season (Escalera-
Vazquez & Zambrano, 2010). Wellborn et al. (1996)
proposed that dry seasons can change community
structure by acting as an environmental filter and
eliminating species that cannot survive the harsh
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conditions. Therefore, dry seasons can reduce the
variability of fish communities among sites (pools) that
have similar hydroperiod (Chase, 2007).

Some of our environmental variables were
correlated, making it impossible to separate their
effects. For example, despite having been considered as
an environmental variable related to climate conditions,
the temperature is closely linked to water depth. The
highly seasonal rainfall pattern of the region that
includes the El Palmar State Reserve creates a cycle of
wet and dry seasons, causing marked contrasts in the
environmental conditions within the seasonally flooded
area in the coastal strip (Sanderson et al., 2005).

Owing to the flat landscape, relatively small
differences in the mean sea level can make significant
differences in the surface area and duration of flooding,
and this many effect plant species and animal
communities. The fish community, mainly the small
fishes of the wetland, is strongly influenced by the
seasonal hydrological variation that is a feature of many
wetlands (Loftus & Kushlan, 1987; Trexler et al., 2001;
Mitsch & Gosselink, 2007).

To conclude, variation in fish community structure
in a seasonally flooded karst system primarily depend
on the spatial variables, which means that the main
limitation in the distribution and abundance of the fish
community is its ability to disperse in the aquatic
ecosystem. Although the variation of spatial factors had
the greatest influence on the fish community, there was
also an effect of the environmental variables conduc-
tivity, oxygen saturation, temperature and depth. At
various times throughout the study, there was a more
significant influence from the variable combination
than from either the spatial or environmental variables
alone. This variation and changes over time
demonstrate the considerable dynamism of these types
of system studies.

Future work should include measures related to
biological interactions such as competition and
predation because they may regulate the fish
community structure in seasonally flooded Karst
environments. Also, an evaluation of resource
availability (e.g., food, shelter) and maobility/residency
of the species studied. However, it is also necessary to
conduct monitoring in several periods of flooding, to
assess whether the community is modified by the
intensity and frequency of drought as suggested Trexler
et al. (2005), confirming that the community may be
structured primarily by dispersal.

Coastal wetlands are home to diverse communities
of aquatic animals that support essential communities
of apex predators. Conservation of these ecosystems
and maintenance of their hydrological drivers is

challenging as human populations continue to encroach
on coastal zones. Efforts to better understand how
hydrological function is linked to aquatic animal con-
centration will benefit efforts to conserve the wildlife
values they support.
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